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encoding protein kinase B is cloned for use in increasing the 
efficiency of fermentation of L-lysine by coryneform bacteria. Methods and 
culture media for fermentative preparation of L-lysine with recombinant 
bacterial strains transformed with these vectors are also provided. 
Enhancement of the pknB gene expression by pknB shuttle vector 
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The ptsl gene of Corynebacterium glutamicum ATCC13 03 2 
encoding phosphotransferase system enzyme I is cloned for use in 
increasing the efficiency of fermentation of L-lysine by coryneform bacteria 
Methods and culture media for fermentative preparation of L-lysine with 
recombinant bacterial strains transformed with these vectors are 
also provided. Enhancement of the ptsl gene expression by ptsl 
shuttle vector could increase the yield of L-lysine in a Corynebacterium 
host. The f ermentatively prepared L-lysine are useful in pharmaceutical 
industry and foodstuff industry and very particularly in animal nutrition. 
REFERENCE COUNT: 3 THERE ARE 3 CITED REFERENCES AVAILABLE FOR THIS 
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The pknD gene of Corynebacterium glutamicum ATCC13 032 
encoding protein kinase D is cloned for use in increasing the 
efficiency of fermentation of L-lysine by coryneform bacteria. Methods and 
culture media for fermentative preparation of L-lysine with recombinant 
bacterial strains transformed with these vectors are also provided. 
Enhancement of the pknD gene expression by pknD shuttle vector 
could increase the yield of L-lysine in a Corynebacterium host. The 
fermentatively prepared L-lysine are useful in pharmaceutical industry and 
foodstuff industry and very particularly in animal nutrition. 
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MEDLINE on STN DUPLICATE 1 

2 0014 8353 7 MEDLINE 
PubMed ID: 11321586 
Pyruvate carboxylase is a major 
bottleneck for glutamate and lysine 
production by Corynebacterium 
glutamicum. 

Peters-Wendisch P G; Schiel B; Wendisch V F; Katsoulidis E; 
Mockel B; Sahm H; Eikmanns B J 

Dept Microbiology and Biotechnology, University of Ulm, 
Germany. 

Journal of molecular microbiology and biotechnology, (2001 
Apr) 3 (2) 295-300. 

Journal code: 100892561. ISSN: 1464-1801. 

England: United Kingdom 

Journal; Article; (JOURNAL ARTICLE) 

English 

Priority Journals 
GENBANK-Y0954 8 



ENTRY MONTH: s 2 00108 

ENTRY DATE: Entered STN: 20010903 

Last Updated on STN : 20010903 

Entered Medline: 20010830 
AB Corynebacterium glutamicum possesses both 

phosphoenolpyruvate carboxylase (PEPCx) and pyruvate 
carboxylase (PCx) as anaplerotic enzymes for growth on 
carbohydrates. To analyze the significance of PCx for the amino acid 
production by this organism, the wild- type pyc gene, encoding PCx, was 
used for the construction of defined pyc-inactive and pyc -overexpres sing 
strains and the glutamate, lysine and threonine production capabilities of 
these recombinant strains of C. glutamicum were tested in 
comparison to the respective host strains. No PCx activity was observed 
in the pyc-inactive mutants whereas the pyc-overexpressing 
strains showed eight-to elevenfold higher specific PCx activity when 
compared to the host strains. In a detergent -dependent glutamate 
production assay, the pyc-overexpressing strain showed more than sevenfold 
higher, the PCx-def icient strain about twofold lower glutamate production 
than the wild-type. Overexpression of the pyc gene and thus increasing 
the PCx activity in a lysine-producing strain of C. glutamicum resulted in 
approximately 5 0% higher lysine accumulation in the culture supernatant 
whereas inactivation of the pyc gene led to a decrease by 60%. In a 
threonine -producing strain of C. glutamicum, the overexpression of the pyc 
gene led to an only 10 to 20% increase in threonine production, however, 
to a more than 150% increase in the production of the threonine precursor 
homoserine. These results identify the anaplerotic PCx reaction as a 
major bottleneck for amino acid production by C. glutamicum and show that 
the enzyme is an important target for the molecular breeding of 
hyperproducing strains. 

L15 ANSWER 5 OF 7 EMBASE COPYRIGHT 2004 ELSEVIER INC. ALL RIGHTS RESERVED. 

on STN DUPLICATE 2 

ACCESSION NUMBER : 97147233 EMBASE 
DOCUMENT NUMBER: 1997147233 

TITLE: Pyruvate carboxylase as an anaplerotic 

enzyme in Corynebacterium glutamicum. 

AUTHOR: Peters -Wendisch P.G.; Wendisch V.F.; Paul S.; Eikmanns 

B.J. ; Sahm H . 

CORPORATE SOURCE: B.J. Eikmanns, Inst i tut fur Biotechnologie , 

Forschungszentrum Julich, D-52425 Julich, Germany, 
b. eikmannsOkf a- juelich. de 

SOURCE: Microbiology, (1997) 143/4 (1095-1103) . 

Refs: 46 

ISSN: 13 50-0872 CODEN : MROBEO 
COUNTRY: United Kingdom 

DOCUMENT TYPE: Journal; Article 

FILE SEGMENT: 004 Microbiology 

029 Clinical Biochemistry 

LANGUAGE: English 
SUMMARY LANGUAGE: English 

AB The recent discovery that phosphoenolpyruvate carboxylase (PEPCx) is 
dispensable for growth and lysine production in 
Corynebacterium glutamicum implies that this organism 

possesses (an) alternative anaplerotic enzyme (s). In permeabilized cells 

of C. glutamicum, we detected pyruvate carboxylase 

(PCx) activity. This activity was effectively inhibited by low 

concentrations of ADP, AMP and acetyl-CoA. PCx activity was highest [45 

+ 5 nmol min-1 (mg dry wt) -1] in cells grown on lactate or pyruvate, 

and was about two- to threefold lower when the cells were grown on glucose 

or acetate, suggesting that formation of PCx is regulated by the carbon 

source in the growth medium. In cells grown at low concentrations of 

biotin (< 5 ug 1-1) , PCx activity was drastically reduced, indicating 

that the enzyme is a biotin protein. Growth experiments with the wild- type 

and a defined PEPCx-negative mutant of C. glutamicum on glucose 



showed that the mutant has a significantly higher demand for 

biotin than the wild-type, whereas both strains have the same high biotin 

requirement for growth on lactate and the same low biotin requirement for 

growth on acetate. These results indicate that (i) PCx is an essential 

anaplerotic enzyme for growth on glucose in the absence of PEPCx, (ii) PCx 

is an essential anaplerotic enzyme for growth on lactate even in the 

presence of PEPCx, and (iii) PCx has no anaplerotic significance for 

growth on acetate as the carbon source. In support of these conclusions, 

screening for clones unable to grow on a minimal medium 

containing lactate, but able to grow on a medium containing glucose or 

acetate, led to the isolation of PCx-def ective mutants of C. 

glutamicum. 
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AB Phosphoenolpyruvate carboxylase (PEPCx) has recently been found to be 

dispensable as an anaplerotic enzyme for growth and lysine 
production of Corynebacterium glutamicum. To 

clarify the role of the glyoxylate cycle as a possible alternative 
anaplerotic sequence, defined PEPCx- and isocitrate-lyase (ICL) -negative 
double mutants of C. glutamicum wild- type and of the 

L-lysine-producing strain MH20-22B were constructed by disruption of the 
respective genes. Analysis of these mutants revealed that the 
growth on glucose and the lysine productivity were 

identical to that of the parental strains. These results show that PEPCx 
and the glyoxylate cycle are not essential for growth of C. glutamicum on 
glucose and for lysine production and prove the 

presence of another anaplerotic reaction in this organism. To study the 
anaplerotic pathways in C. glutamicum further, (HC03 -) -C-13 -labeling 
experiments were performed with cells of the wild-type and a 
PEPCx-negative strain growing on glucose. Proton nuclear magnetic 
resonance analysis of threonine isolated from cell protein of both strains 
revealed the same labeling pattern: about 37% C-13 enrichment in C-4 and 
3.5% C-13 enrichment in C-l. Since the carbon backbone of threonine 
corresponds to that of oxaloacetate , the label in C-4 of threonine 
positively identifies the anaplerotic pathway as a C-3 -carboxylation 
reaction that also takes place in the absence of PEPCx. 

L15 ANSWER 7 OF 7 SCISEARCH COPYRIGHT 2004 THOMSON ISI on STN 
ACCESSION NUMBER: 94:177461 SCISEARCH 

THE GENUINE ARTICLE: MZ715 

TITLE : EFFECTS OF PHOSPHOENOL PYRUVATE- 

CARBOXYLASE DEFICIENCY ON METABOLISM AND 
LYSINE PRODUCTION IN 
CORYNEBACTERIUM -GLUTAMICUM 



AUTHOR: GUBLER M (Reprint); PARK S M; JETTEN M; STEPHANOPOULOS G; 

SINSKEY A J 

CORPORATE SOURCE: HOFFMANN LA ROCHE AG, CH-4002 BASEL, SWITZERLAND 

(Reprint); MIT, DEPT BIOL, CAMBRIDGE, MA, 02139; MIT, DEPT 
CHEM ENGN, CAMBRIDGE, MA, 02139 

COUNTRY OF AUTHOR: SWITZERLAND; USA 

SOURCE: APPLIED MICROBIOLOGY AND BIOTECHNOLOGY, (FEB 1994) Vol. 

40, No. 6, pp. 857-863. 

ISSN: 0175-7598. 
DOCUMENT TYPE: Article; Journal 

FILE SEGMENT: LIFE; AGRI 

LANGUAGE : ENGL I SH 

REFERENCE COUNT: 33 

* ABSTRACT IS AVAILABLE IN THE ALL AND I ALL FORMATS* 
AB The phosphoenol pyruvate carboxylase gene (ppc) of 

lysine-producing Corynebacterium glutamicum and C. 

lactofermentum strains was inactivated by marker exchange mutagenesis. The 
mutants lacked completely phosphoenol pyruvate 

carboxylase (PEP carboxylase) activity, but grew in minimal medium 
containing glucose as the sole carbon source. In addition, the ppc(-) 
strains produced equivalent titers of lysine in shake flasks and in 10-1 
fermentation experiments as their parent strains. To address the question 
of how ppc(-) Corynebacterium strains generate oxaloacetate (OAA) for 
their own metabolism as well as for high-level lysine 
production, we measured the activities of enzymes leading to OAA 
synthesis. Whereas pyruvate carboxylase activity was 

not detected in any of the strains, phosphoenol pyruvate carboxykinase 
(PEP carboxykinase) activity was found to be significantly higher in C. 
glutamicum ppc mutants compared to the parent strains. On the 
other hand, PEP carboxykinase activity in C. lactofermentum was 
essentially absent. As glyoxylate cycle enzymes are strongly repressed by 
glucose, they are not likely to compensate for the lack of PEP carboxylase 
activity. PEP carboxykinase, among several candidates, could play this 
role . 
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TITLE: New pyruvate carboxylase from 

Corynebacterium glutamicum, useful as an 

anaplerotic enzyme replenishing oxaloacetate consumed for 

biosynthesis during growth, or for lysine or glutamic acid 

production in industrial fermentations; 

recombinant enzyme production via plasmid expression in 
host cell for use in amino acid production 
AUTHOR: SINSKEY A J; LESSARD P A; WILLIS L 

B 

PATENT ASSIGNEE: ARCHER -DANIELS MIDLAND CO 
PATENT INFO: US 2003027305 6 Feb 2003 

APPLICATION INFO: US 2002-45072 15 Jan 2002 

PRIORITY INFO: US 2002-45072 15 Jan 2002; US 1998-220081 23 Dec 1998 
DOCUMENT TYPE: Patent 
LANGUAGE : Eng 1 i S h 

OTHER SOURCE: WPI : 2003-479542 [58] 

AB DERWENT ABSTRACT: 

NOVELTY - A new isolated pyruvate carboxylase 

polypeptide has an amino acid sequence at least 95% identical to a 
sequence comprising 1140 amino acids (PI) from Corynebacterium 
glutamicum, or the complete amino acid sequence encoded by the 
cosmid clone deposited with the American Type Culture Collection. 

DETAILED DESCRIPTION - A new isolated pyruvate 
carboxylase polypeptide has an amino acid sequence at least 95% 
identical to a sequence comprising: (a) the sequence of the 
pyruvate carboxylase polypeptide having the complete 
amino acid sequence from Corynebacterium glutamicum 

with 1140 amino acids (PI) fully defined in the specification; or (b) the 
sequence of the pyruvate carboxylase polypeptide 

having the complete amino acid sequence encoded by the cosmid clone 
deposited with the American Type Culture Collection. INDEPENDENT CLAIMS 
are also included for the following: (1) an isolated nucleic acid 



molecule comprising a polynucleotide with a nucleotide sequence at least 
95% identical to a nucleotide sequence encoding the pyruvate 
carboxylase polypeptide described above, or its complement; (2) 
an isolated nucleic acid molecule comprising a polynucleotide that 
hybridizes under stringent hybridization conditions to the polynucleotide 
of (1) , where the polynucleotide does not hybridize under stringent 
hybridization conditions to a polynucleotide having a nucleotide sequence 
consisting of only A residues or of only T residues; (3) making a 
recombinant vector comprising inserting the isolated nucleic acid 
molecule of (1) into a vector; (4) a recombinant vector produced by the 
method of (3) ; (5) making a recombinant host cell comprising introducing 
the recombinant vector into a host cell; (6) a recombinant host cell 
produced by the method of (5) ; and (7) a recombinant method for producing 
the pyruvate carboxylase polypeptide, or a method of 
making amino acids expressed by (1) . 

BIOTECHNOLOGY - Preferred Nucleic Acid: The polynucleotide cited in 
(1) has the complete nucleotide sequence comprising 3621 bp (dnal) fully 
defined in the specification. The polynucleotide has the nucleotide 
sequence of dnal, and encodes the pyruvate carboxylase 
polypeptide with the sequence PI. The polynucleotide is a DNA or RNA. 
Preparation (Claimed) : The recombinant method for producing the 
pyruvate carboxylase polypeptide comprises culturing 
the recombinant host cell cited above, under conditions where the 
polypeptide is expressed, and recovering the polypeptide. The 
pyruvate carboxylase is expressed 2 -2 0 -fold higher than 
its expression in C. glutamicum. The method also involves making amino 
acids by expressing the nucleotide sequence of (1) , and recovering the 
amino acids. In particular, the amino acid is lysine. 

USE - The polypeptide is useful as an anaplerotic enzyme 
replenishing oxaloacetate consumed for biosynthesis during growth. The 
polypeptide is also useful for lysine or glutamic acid production in 
industrial fermentations. 

EXAMPLE - The cosmid library used was constructed by cloning 
Corynebacterium glutamicum chromosomal DNA into the 
Supercos vector. A cosmid containing the C. glutamicum pyruvate 
carboxylase gene was isolated, and subjected to sequence 
analysis. A 3621-bp of cosmid III F10 was sequenced. A 3420-bp open 
reading frame was identified, which encoded a protein of 1140 amino 
acids. The protein was 63% identical to M. tuberculosis pyruvate 
carboxylase, and 4 4% identical to human pyruvate 
carboxylase. This protein had a molecular mass of 123.6 kDa. (29 
pages) 
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AB The present invention concerns an anaplerotic enzyme from 
Corynebacterium glutamicum which replenishes 



oxaloacetate consumed during lysine and glutamic acid production in 
industrial fermentations. In particular, isolated nucleic acid molecules 
are provided encoding the pyruvate carboxylase 
protein. Pyruvate carboxylase polypeptides are also 
provided. 
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Sinskey, Anthony J. [Inventor, Reprint author] ; 
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Boston, MA, USA 

ASSIGNEE: Massachusetts Institute of Technology 
US 6171833 January 09, 2001 

Official Gazette of the United States Patent and 
Office Patents, (Jan. 9, 2001) Vol. 1242, No. 2. 
CODEN: OGUPE7. ISSN: 0098-1133. 
Patent 
English 

Entered STN: 18 Jul 2 001 
Last Updated on STN: 19 Feb 2002 
The present invention concerns an anaplerotic enzyme from 
Corynebacterium glutamicum which replenishes 

oxaloacetate consumed during lysine and glutamic acid production in 
industrial fermentations. In particular, isolated nucleic acid molecules 
are provided encoding the pyruvate carboxylase 
protein. Pyruvate carboxylase polypeptides are also 
provided. 
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Novel polynucleotides encoding Corynebacterium 
glutamicum pyruvate -carboxylase 

useful for industrial f erementation processes comprises a 
specific nucleotide sequence; 

plasmid pRR850 vector-mediated gene transfer for lysine 

and glutamic acid scale-up 
Sinskey A J; Lessard P A; Willis L 



B 



PATENT ASSIGNEE: 
LOCATION: 
PATENT INFO: 
APPLICATION INFO: 
PRIORITY INFO: 
DOCUMENT TYPE: 
LANGUAGE : 
OTHER SOURCE: 



USA. 



AB 



Sinskey A J; Lessard P A; Willis L B 

Boston, MA, USA; Framingham, MA, USA; Cambridge, MA, 
WO 2000039305 6 Jul 2000 
WO 1998-US27301 23 Dec 1998 
WO 1998-US27301 23 Dec 1998 
Patent 
English 

WPI: 2000-465746 [40] 

DNA (I, 3,621 bp) with a DNA sequence with at least 95% 
a DNA sequence encoding pyruvate - 

(II, EC-4.1.1.31) , is claimed. (I) encodes a 1,140 
amino acid protein sequence (specified) or is a DNA sequence encoding 
(II) contained within cosmid clone ATCC 10801 or their complements. Also 
claimed are: an isolated DNA probe (la) which hybridizes to (I) under 
stringent conditions and^hich does not hybridize to a DNA sequence 
having only A and T residues; making a recombinant vector (III, e.g. 
plasmid pRR850) and host cell (IV) ; (III) and (IV) obtained by the above 
method; production of (II) ; and an isolated (II) having an amino acid 
sequence at least 95% identical to that encoded by (I) . (II) is useful 
for producing amino acids, preferably lysine and glutamic acid in 
industrial fermentations and for replenishing oxaloacetate consumed for 
biosynthesis during growth. (II) is expressed 2- to 20-fold higher than 



An isolated 
identity to 
carboxylase 



in Corynebacterium glutamicum. (Ia) is used to 
confirm the expression of (II) . (51pp) 
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Entered STN: 19990115 
Last Updated on STN: 19990115 
Entered Medline: 19981214 
Pyruvate carboxylase is an important anaplerotic 

enzyme replenishing oxaloacetate consumed for biosynthesis during growth, 

or lysine and glutamic acid production in industrial fermentations. We 

used regions of homology from pyruvate carboxylase 

sequences of 12 different species (corresponding to the ATP- and 

pyruvate -binding sites) , to design polymerase chain reaction (PCR) primers 

for amplifying a fragment of the pyruvate carboxylase 

(pc) gene from C. glutamicum genomic DNA. This 850-base-pair fragment was 
used to probe a C. glutamicum cosmid library and four candidate pc cosmids 
were identified. The fragment was sequenced and the sequence of the 
complete gene was obtained by several rounds of primer synthesis, PCR on 
one of the positive cosmids, and sequencing. The C. glutamicum pc 
sequence shows 64% homology with the pc gene of Mycobacterium tuberculosis 
and 44% homology with the human pc gene. Regions of ATP, pyruvate and 
biotin binding have also been identified. 
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AB 



We have obtained direct evidence indicating the presence of 



pyruvate-carboxylating activity in Corynebacterium 
glut ami cum, a lysine-overproducing bacterium. This evidence was 
obtained through the use of C-13 nuclear magnetic resonance (NMR) 
spectroscopy and gas chromatography/mass spectrometry (GC-MS) of secreted 
metabolites in a lysine fermentation. The distribution of C-13 label after 
multiple turns in the tricarboxylic acid cycle was accounted for properly 
to obtain predictions for [C-13] metabolite enrichments that were employed 
in the interpretation of C-13 -NMR and GC-MS data. Of critical importance 
in arriving at the conclusions was the use of C. glutamicum mutants with 
deletions of the pyruvate kinase and/or phosphoenolpyruvate carboxylase 
enzymes. Our results demonstrate the presence of pyruvate-carboxylating 
pathway (s) in C. glutamicum operating simultaneously with 
phosphoenolpyruvate carboxylase, with the latter enzyme contributing 
approximately 10% of the total oxaloacetate synthesis during the 
lysine-production phase with pyruvate and gluconate as carbon sources. 
These findings are important for developing strategies to increase the 
total carbon flux for synthesis of amino acids of the aspartate family 
through metabolic engineering. 
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Gubler M . ; Sung Min Park; Jetten M.; Stephanopoulos G.; 
Sinskey A.J. 

F. Hoffmann-La Roche AG,CH-4002 Basel, Switzerland 
Applied Microbiology and Biotechnology, (1994) 40/6 
(857-863) . 

ISSN: 0175-7598 COD EN : AMBIDG 
Germany 

Journal; Article 
004 Microbiology 
English 
English 

The phosphoenol pyruvate carboxylase gene (ppc) of 
lysine -producing Corynebacterium glutamicum and C. 

lactof ermentum strains was inactivated by marker exchange mutagenesis. The 
mutants lacked completely phosphoenol pyruvate 

carboxylase (PEP carboxylase) activity, but grew in minimal medium 
containing glucose as the sole carbon source. In addition, the ppc- 
strains produced equivalent titers of lysine in shake flasks and in 10-1 
fermentation experiments as their parent strains. To address the question 
of how ppc- Corynebacterium strains generate oxaloacetate (OAA) for their 
own metabolism as well as for high-level lysine production, we measured 
the activities of enzymes leading to OAA synthesis. Whereas 
pyruvate carboxylase activity was not detected in any of 
the strains, phosphoenol pyruvate carboxykinase (PEP carboxykinase) 
activity was found to be significantly higher in C. glutamicum ppc mutants 
compared to the parent strains. On the other hand, PEP carboxykinase 
activity in C. lactof ermentum was essentially absent. As glyoxylate cycle 
enzymes are strongly repressed by glucose, they are not likely to 
compensate for the lack of PEP carboxylase activity, PEP carboxykinase, 
among several candidates, could play this role. 
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LANGUAGE: English 
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AB The presence and properties of the enzymes involved in the synthesis and 
conversion of phospho (enol) pyruvate (PEP) and oxaloacetate (OAA) , the 
precursors for aspartate -derived amino acids, were investigated in three 
different Corynebacterium strains. This study revealed the presence of 
both PEP carboxykinase 0.2 9 umol • min-1 ■ mg-1 of 
protein [units (U) • mg-1)] and PEP synthetase (0.13 U • 
mg-1) in C. glutamicum as well as pyruvate kinase (1.4 U * mg-1) 
and PEP carboxylase (0.16 U • mg-1) . With the exception of PEP 
carboxykinase these activities were also present in glucose -grown C. 
flavum and C. 1 act of ermentum. Pyruvate carboxylase 

activity was not detected in all three species cultivated on glucose or 
lactate. At least five enzyme activities that utilize OAA as a substrate 
were detected in crude extracts of C. glutamicum citrate synthase (2 U 

• mg-1), malate dehydrogenase (2.5 U • mg-1), glutamate : OAA 
transaminase (1 U • mg- 1), OAA-decarboxylating activity (0.89 U 

• mg-1) and the previously mentioned PEP carboxykinase (0.29 U 

• mg-1) . The partially purified OAA- decarboxylase activity of C. 
glutamicum was completely dependent on the presence of inosine diphosphate 
and Mn2+, had a Michaelis constant (K(m) ) of 2.0 mM for OAA and was 
inhibited by ADP and coenzyme A (CoA) . Examination of the kinetic 
properties showed that adenine nucleotides and CoA derivatives have 
reciprocal but reinforcing effects on the enzymes catalyzing the 
interconversion of pyruvate, PEP and OAA in C. glutamicum. A model for the 
regulation of the carbon flow based on these findings is presented. 
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